Most infants with tracheomalacia (TM) do not need specific therapy as TM usually resolves spontaneously by the age of 1-2 years. Severe forms of TM characterized by repeated 'death spells', and recurrent pulmonary infections require active treatment, which classically consisted of long term intubation and ventilation, or tracheotomy. Today, aortopexy (APX) seems to be the surgical treatment of choice for secondary and even primary forms of severe TM. 1 " 4 Aortopexy entails tracking and suturing the anterior wall of the aorta to the posterior surface of the sternum. Con sequently, the anterior wall of the trachea is also pulled forward, preventing its collapse. Bronchomalacia (BM) may accompany TM, or it may occur as an isolated segmental, commonly unrecognised, condition characterized by persistent wheezing, dyspnea, hyperinflation and recurrent pneumonia. Chest physiotherapy, prophylactic administration of nebulized cromolyn sodium and symptomatic medication with nebulized ipratropium bromide may be a useful therapeutic approach. 5 Broncho pexy (BPX) is the most common surgical approach to severe cases of BM. Analogously to APX, BPX entails surgical suspension of the affected bronchus via sutures to nearby tissue.
6~" Six cases of severe TM or BM treated with APX or BPX are described in the present article.
Case reports
Three infants with severe TM and three infants with isolated BM underwent APX or BPX at the Clinical Hospital Centre Rijeka, Croatia, during the last 8 years. Their ages ranged from 1.5 to 6 months (mean 3.7 months). All infants were born as mature neonates with normal birthweights (Table 1) Leading symptoms in cases 1-3 were stridor and repeated 'death spells' characterized by apneic and cyanotic episodes with bradycardia. 'Death spells' particularly occurred during feeding, which was accompanied with many difficulties. This resulted in poor weight gain and undernutrition of babies ( Table 1) . Administration of bronchodilators and anti inflammatory agents had no clinical effect.
Tracheobronchoscopic examination revealed severe seg mental TM in these cases. Case 1 had primary TM. An associated tracheoesophageal fistula (TEF) was found in Case 2. In Case 3 a severe gastroesophageal reflux (GER) was confirmed by continuous oesophageal 24-hour рН monitoring (Table 1) .
Leading symptoms in Cases 4-6 were: persistent wheezing, tachypnea and progressive dyspnea, which was resistant to treatment with beta agonists and glucocorticoids for 2 or more weeks. Their chest radiography showed marked hyperinflation of the left lung. Tracheobroncho scopic examination revealed severe isolated BM of the left mainstem bronchus in all three cases. As shown by computed tomography scanning of the chest, in Case 5 BM resulted from extramural compression caused by a broncho genic cyst.
7 Cases 4 and 6 had primary BM (Table 1) . Cases with TM underwent APX using a left anterior third-rib thoracotomy. Cases with BM underwent BPX. The bronchial wall was sutured to the tissue of closed ductus arteriosus in case 4. 8 In case 5 the cyst was resected. 7 In cases 5 and 6 the bronchial wall was also suspended superiorly and sutured to the ligamentum arteriosum.
Early postoperative results were excellent in the case of primary TM (case 1) and in all three cases of isolated BM (cases 4-6), all showing immediate cessation of symptoms. In case 2, APX yielded only a modest improvement although the TEF was repaired. Stridor and dyspnea persisted for several months following surgery; however, 'death spells' did not occur again and tracheotomy was avoided. Aortopexy and oral administration of cisapride failed to relieve symptoms in case 3 (Table 1 ). This infant underwent Nissen fundoplication one month after APX and died due to postoperative complications a few hours following the second operation. Tracheotomy was not performed. There were no serious complications during the early postoperative periods in the other five cases. These infants have shown none of the former respiratory symptoms for the several years since their operations. So far their growth and development has been normal, and their tolerance of physical effort also appears to be normal.
Discussion
In the most severe cases of TM, life threatening 'death spells' and recurrent episodes of pneumonia are the most frequent indications for surgical treatment. 4 Aortopexy is a well-recognized surgical procedure for management of severe symptomatic TM. It brings immediate and permanent relief of symptoms in the majority of cases.'-2 Aortopexy seems to have many advantages in comparison to classical therapeutic measures consisting of continuous positive airway pressure, long-term intubation and ventilation, or tracheotomy. Prolonged periods of staying in hospital, subglottic oedema and/or stenosis, secondary TM, formation of granulation tissue, and tracheal fibrosis, are possible complications of these methods. The avoidance of such complications recommends APX as a primary surgical treat ment for selected cases of severe TM.
1-* Aortopexy is reported to be effective not only in secondary but also in primary TM. 3 -4 We believe APX allowed excellent clinical improvement in case 1 because the visualized affected tracheal segment was of a manageable, and there was no associated BM.
According to many reports patients with severe TM and associated TEF and/or GER require special attention. Although we followed the recommended sequence of surgical procedures in such cases (fistula repair, APX and Nissen fundoplication 2 ) the outcome of APX in case 3 was negative. Therefore, the results of radiographic, tracheobronchoscopic and 24-h oesophageal рН monitoring studies and the clinical picture should be carefully evaluated in order to determine the optimal therapeutic procedure in these infants. In case 2, although APX provided only a modest improvement to the infant it was still sufficient to avoid tracheotomy and the risk of its complications.
Although most cases with BM become free of symptoms by age 4-5 years, it seems that severe BM does not completely resolve with growth. Exercise tolerance may later appear to be abnormal in some cases. 5 Therefore surgical intervention is a rational therapeutic approach to severe cases. Indications for surgery include unilateral hyperinflation or lobar emphysema, recurrent apneic spells requiring resuscitation, respiratory distress and inability to wean from mechanical ventilation. 5 Symptoms presented by three of the reported cases of isolated BM were considerably less dramatic than in the cases with TM. Because physiotherapy and continuous pharmacologic treatment failed in relieving their symptoms and failed to decrease serious unilateral lung hyperinflation, a surgical operation was performed. There is no standard operation for severe symptomatic cases of BM. 6 The short collapsing bronchal segment can be resected and removed, and the ends reapproximated with interrupted simple sutures. 9 Bronchopexy is certainly less aggressive, and is therefore preferable to the former surgical method, 5 or to the pneumonectomy. In the field of 'pexy' surgery for malacia, BPX as distinct from APX is less well described and is performed less frequently. The published literature does not give clear guidance as to which patients benefit best from BPX. Left mainstem bronchi were affected in all three cases of BM. 7, 8 The left mainstem bronchus is a more common site of isolated BM, possibly because it is longer without branch points than the right mainstem bronchus. 5 Fortunately, the left side of thorax offers the surgeon better anatomic options for effective suspension of the collapsed bronchus than the right side. 6 As in the cases presented here, the bronchial wall is usually suspended superiorly to the ligamentum arteriosum. However, suspension can also be performed posteriorly to the adventitia of the descending aorta. 4 The surgeon needs to be guided by the anatomy in any individual case of BM. Recently, the insertion of a balloon expandable airway stent has been reported to be extremely useful in treating infants with localized TM and BM. 410 Stenting seems to be an easier and less invasive method than 'pexy' surgery, and it obtains equal clinical outcomes. 10 The development of obstructing granulation tissue over the stent is the most common complication of this technique.
In conclusion, our experience with infants with severe cases of TM and BM who underwent APX and BPX is positive and it is in concordance with published reports. We believe that APX is the treatment of choice for severe segmental TM. The negative outcome in case 3 confirmed some concerns that infants with TM and associated GER require additional evaluation and caution. As severe forms of BM may predispose children to exercise limitation later in life, 5 a proper surgical intervention according to recommended indications should be chosen and performed individually. In our opinion, BPX is a rational therapeutic choice in cases of severe primary or secondary BM, particularly when the left mainstem bronchus is affected. Possible long-term complications of APX and BPX due to the changed position of the aorta or suspended bronchus are not known. It is probable that as the child grows the suspending effect of APX or BPX will decrease. However, the suspending effect is expected to last long enough to allow the airways to grow and reach a size at which TM and BM will no longer produce symptoms.
